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PIIOVISIONAL SPECIFICATION 

Improvements relating to the Manufacture of Bladed Turbine 
Discs, Compressor Rotors or the like 



"We, Poweb Jets (Rbs-eaiich and 
Development) Limited, a British Com- 
pany, of 8, Hamilton Place, London, 
n.l, and Tristram Allan Taxlob, a 
& British Subject, of the said Company's 
address, do hereby declare the nature of 
our invention to be as follows : — 

This invention relates to improvements 
in the manufacture of bladed turbine 

*0 discs, compressor rotors or like articles, 
for example for use in gas turbine engines 
and its object is to enable complex struc- 
tures of this land to be made more easily 
and rapidly than hitherto, in the previ- 

15 ously known methods of manufacture of 
such articles it is necessary to carry out 
a number of difficult and complex machin- 
ing processes, and the object of the inven- 
tion is to enable for example^ a # turbine 

20 disc complete with blades or similar com- 
plex structures to Jbe cast in one piece so 
that these machining processes are elimi- 
nated. Units such as axial compressors 
may be built up by casting the individual 

•25 stages and assembling them together 
on a suitable shaft, or if so desired all 
stages may be cast as one piece. 

According to the invention a bladed 
turbine disc, compressor rotor or like 

30 structure is made by preparing a wax 
model of tlie said structure, spraying said 
model with a solution containing finely 
ground refractory material in suspension, 
preparing a mould from the wax model, 

35 introduoing molten metal into said mould . 
and subsequently spinning said mould 
about a vertical axis to form a centrifugal 
casting. 

The mould may be made from refrac- 
40 torv material and a binding liquid in the 
form of a liquid suspension or slurry 
which is poured into a container sur- 
rounding the wax model until the latter 
is completely immersed. The assembly is 
45 then placed on a vibrating table until the 
mould material has set hard. # _ Setting 
may be accelerated by the addition of a 

suitable alkali -to tto mix, snob, as mag- 
tPrice 2/-] 



nesiuin oxide or other basic oxide. After 
the mould has been hardened the wax 
model may be removed by heating the 
mould to melt or burn away the wax. 

The suspension used for spraying the 
was model is suitably chosen to give the 
casting a good surface finish. A suitable 
mixture to use may for example com- 
prise a suspension of silica or other refrac- 
tory oxide or silicate in a solution con- 
taining sodium silicate or ethyl silicate 
as a binder. 

In applying the invention in detail one 
process of manufacture according to the 
invention as applied to a bladed turbine 
disc is as follows. A wax model of the 
turbine disc and blades is first made. This 
may bo done by means of a master pattern 
from which a master mould is prepared. 
By injecting melted wax into this master 
mould and allowing the vox to set, a wax 
model is obtained. The complete wax 
model may be made at one injection into 
a suitable die or may be built up by weld- 
ing together individual wax components 
made separately in dies of simpler con- 
struction, .e.g. in making a wax model of 
a turbine the blades and disc may be 
made separately and afterwards welded 
together while located in a suitable fix- 
ture. Thio model jo then, sprayed to giro it 
a surface coating which may for example, 
consist of a suspension of silica in a 
sodium or ethyl silicate solution. 

The liquid is allowed to dry (for 
example at normal air temperature) and 
the wax model is then placed in a con- 
tainer which is filled with a liquid com- 
position or slurry which when allowed to 
stand at room temperature or heated for 
several hours at a temperature of about 
40—50° C. with or witiout the use of a 
vibrating table will form a hard refrac- 
tory mould, The mould is then heated 
slowly to a temperature of about 700° C. 
or over so as to melt the wax and com- 
pletely burn it away. The result of this 
procedure ia to produCA a refractory pre- 
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ciaion mould which can then be used for 
containing molten metal. 

The mould is then heated to a tempera- 
ture which is adjusted to be suitable for 
6 the material being cast into it, e.g. for 
steels and other metals of high melting 
point the temperature may be raised to 
1000°— 1300* C. while for metals of 
lower melting point the mould tempera- 
10 ture may be reduced to any desired value 
down to room temperature. 

The molten metal is^ poured into the hot 
refractory mould which is secured to a 
suitable support and the latter is rapidly 
15 spun so as to create sufficient centrifugal 
force to fill completely the mould cavity 
or cavities and give the final casting its 
desirable metallurgical properties. 

The mould is then allowed to cool until 

Grog 
B.S.S, Sieve 

40 On 10 size mesh 2% 

Through 10 on 30 - - - - 20% 

30 „ 60 - - - - 18% 

60 ,,100 - - - - 17% 

„ 100 „ 170 - - - - 20% 

45 „ 170 - - - - Remainder 

The liquid may conveniently consist 
of: — 

25% tetre ethyl silicate 
50% alcohol or methylated spirit) 
50 25% a solution of 15% concentrated 

hydrochloric acid in 80% aqueous 

alcohol. 

The result of this process, is to produce 
a bladed turbine disc having the required 
55 metallurgical properties and a good finish 
and complete in a single casting which 
may if desired be given a final additional 



the metal has solidified and the refractory 20 
mould is then destroyed, for example by 
subjecting it to a few sharp blows with a 
hammer. The composition of the slurry 
composing the mould material is so 
chosen that the mould has sufficient mech- 25 
anical strength 'to withstand the centri- 
fugal forces and the impact and erosion of 
the molten metal, yet is not so strong that 
it cannot be easily removed from the cast- 
ing.. A suitable composition for this pur- 30 
pose may for example be 
Solid refractory material - 10 lbs. 

Liquid - - 1 litre 

The solid refractory material may he 
composed of 60% calcined fireclay 35 
" grog ** and 40 % silica flour, a suitable 
grading for which is as follows: — 



Silica Flour 
All through 200 B.S.S. Sieve 



finish, such as by mechanical or electro- 
Ivtic polishiuff, and the turbine disc is 
then in suitable form for mounting in a 60 
steam or gas turbine or other primr 
mover. 

Dated this 21st day of March, 1946. 

For the Applicants : 
F. J. CLEVELAND & COMPANY, 
Chartered Patent Agents. 
29, Southampton Buildings, 
Chancery Lane, London, TT.C.2. 



COMPLETE SPECIFICATION 

Improvements relating to the Manufacture of Bladed Turbine 
Discs, Compressor Rotore or the like 



We, Potter Jets (Research and 
Development) Looted, a British Com- 

65 pany, of S, Hamilton Place, London, 
AT.l, and Thjcsxbam. Ai*la.n Taylok, a 
British Subject, of Xational Gas Turbine 
Establishment, Whet stone, near Leicester, 
formerly of the said Company's address. 

70 do hereby' declare the nature of our 
invention and in what manner the same 
is to be performed, to be particularly 

. T described and ascertained in and by the 
following' statement: — 

75 This invention relates to improvements 
in the manufacture of bladed turbine 
discs, compressor rotors or like articles, 
for example for use in gas turbine engines 
and its object is to enable complex struc- 

80 tures of this kind to be made more easily 



and rapidly than hitherto. In the pre- 
viously known-methods of manufacture of 
such articles, it is necessary to carry out 
a number of difficult and complex machin- 
ing processes, and the object of the inven- 86 
tion is to enable for example a turbine 
disc complete with blades, or a similar 
complex structure to be cast in one piece, 
so that these machining' processes are 
eliminated. Units such as axial com- 90 
pressors may be built up by casting the 
individual staffer and nssr*mWing them 
together on a suitable shaft, or if desired 
all stages may be cast as one piece. 

According to the invention a bladed tur- 95 
bine disc, compressor rotor or like struc- 
ture is made by preparing a was model 
of the said structure, coating said model 
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with a solution containing finely ground 
reiractory material in suspension by 
° r d TO?M. preparing a mould 

5 metal into said mould, and subsequently 
spinning said mould about a vertical axis 
which is also the axis of said body to form 
a centrifugal casting. 

10 fJ? 6 m V*t? made from refruc- 

10 tory material and a binding liquid in the 
form of a liquid suspension or slurry 
wnicn is poured into a container sur- 
rounding the coated wax model until the 
latter is completely immersed. The 
15 assembly may then be placed on a vibrat- 

IHw le *? remove any entrapped air 
bubbles and to consoHdate the mould 
material. Setting time is governed by the 
composition of the binding Kquid and 
may be accelerated by the addition of a 
suitable refractory material and alkali to 
tne mix, such as magnesium oxide or 
other basic compound. After the mould 
has been hardened the wax model may be 
25 removed by heating the mould to melt or 
bum away the wax. 

The suspension used for coating the wax 
model is suitably chosen to give the east- 
ern l nff a ff° od surface finish. A suitable mix- 
w ture to use may for example comprise a 
suspension of silica or other refractory 
oxide or silicate in a solution containing 
sodium silicate or ethyl silicate as a 

binder. 

35 In applying the invention in detail one 
process of manufacture according to the 
invention as applied to a bladed turbine 
disc is as follows. A wax model of the 

An SF- ,° * nd blades 13 fi"t made. 

4U ±nis may be done by means of a master 
pattern from which a master mould is 
prepared. By injecting melted wax into 
tins master mould and allowing the wax 
to set, a wax model is obtained. The com- 

45 piete wax model may be made at one 
injection into a suitable die or may be 
built tip by welding together individual 
wax components made separately in dies 
of simpler construction e.g. in making a 

50 wax model of a turbine, the blades and 
disc may be made RRpa.ratp.ly and after- 
wards welded together, while located in 
a suitable fixture. This model is then 
sprayed to give it a surface coating which 
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All through 200 B.S.S. Sieve 



may for example, consist of a suspension « 
of silica in a sodium or ethyl silicate 
solution. 

The liquid is allowed to dry (for 
example at normal air temperature) and 
the wax model is then placed in a con- rt n 
tamer which is filled with a liquid com- 
position or slurry, which when allowed to 4 
stand at room temperature or heated for 
several hours at a temperature of about 
4(>—oq C. with or without the use of a 66 
vibrating table will form a hard refrac- 
tory mould. The mould is then heated 
slowly to a temperature of about 700* C 
or over, so as to melt the wax and com- 
pletely burn it away. The reanlt of this 70 
procedure is to produce a refractory pre- 
cision mould which can then be used for 
containing molten metal. 

The mould is then heated to a tempera- 
ture which is adjusted to be suitable for 7fi 
the material being cast into it, e.g- for 
steels and other metals of high melting 
PJ23& temperature may be raised to 
10GO"-1300° C. while for metals of 
lower melting point the mould tempera- 80 
ture may be reduced to any desired value 
down to room temperature . 

Tb« mnlten mfttal i 8 ponxod into the hot 
refractory mould, which is secured to a 
suitable support and the latter is rapidly So 
spun so as to create sufficient centrifugal 
force to fill completely the mould cav?ty 
or cavities and give the fi-n^l casting its 
desirable metallurgical properties. 

The mould is then allowed to cool until 90 
the metal has solidified and the refractory 
mould is then destroyed, for example, by 
subjecting it to a few sharp blows with a 
hammer. The composition of the slurry 
composing the mould material, is so 95 
Chosen that the mould has Buifioicni mech- 
anical strength to withstand the centri- 
fugal forces and the impact of and erosion 
by the molten metal, yet is not so strong 
that it cannot be easily removed from the inn 
casting. A suitable composition for this 
purpose may, for example be 
Solid refractory material - 10 lbs. 

™ quid v/ ; \ - - - " 1 

Xne ac-lid refractory material may be in* 
composed of 60% calcined fireclay 

grog and 40% silica flour, a suitable 
grading for which is as follows: 

Grog 
m B.S.S. Sieve 
Un 10 size mesh - - - - no/ 
Through 10 on 30 - - . I 2 0% 



30 „ 60 

60 ,,100 

100 ,,170 

170 - - 



18% 

- - - 17% 
■ - " 20% 
Kemainder 
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The liquid may conveniently consist 
of:-- 

25% tetie ethyl silicate 

50% alcohol or methylated spirit) 
5 25% a solution of" 15% concentrated 
hydrochloric acid in S0% aqueous 
alcohol. 

The bladed turbine disc found by the 
above described process may, if desired, 

10 be given a final additional finish, such as 
by mechanical or electrolytic polishing, 
before mounting it in a steam or gas tur- 
bine or other prime mover. 
Having now particularly described and 

15 ascertained the nature of our said inven- 
tion and hi what maimer the same is to 
be performed, we declare tbat what we 
claim is : — 

1. A method of producing a rotary 
20 bladed body, such as a bladed turbine disc 

or compressor rotor comprising forniiiu? 
a wax model of said body, spraying said 
model with a liquid containing finely 
ground refractory material in suspension, 
25 preparing a mould from the wax model, 
introducing molten metal into said mould 
and spinning said mould about a vertical 
axis which is also the axis of said body. 

2. A method as claimed in Claim 1 
30 wherein the liquid is a solution contain- 
ing sodium or ethyl silicate containing a 
suspension of a refractory oxide or silicate 
for example silica. 

3. A method as claimed in Claim 1 or 2 
85 wherein the mould is of refractory 

material und is formed by pouring a 
liquid suspension or slurry over the coated 
wax model in a suitable container and 
subsequently setting or hardening said 
40 suspension or slurry. 



4. A method as claimed in Claim :J 
wherein the suspension or slurry coin- 

Sriaes a solid refractory maU-riul und u 
[quid in the proportion of 10 lbs. to 1 liire 
respectively, the solid being eouipo>ed id" 45 
60% calcined fireclay grog and W: 0 
silica flour. 

5. A method as claimed in Claim 4 
wherein the liquid comprises tHru ethyl 
silicate, alcohol and a solution of couren- 50 
trated hydrochloric acid in alcohol. 

6. A method as claimed in Claim 4 
wherein the liquid is composed »r 2o% 
tetra ethyl silicate, 50% alcohol and the 
remainder a solution of 15% concentrated 55 
hydrochloric acid in 80% aqucoun alcohol. 

*7. A method as claimed in Claim 4, 5 
or 0 wherein the silica flour all passes 
through a sieve of British Standard Sizt* 
200, while the grog has the following 60 
grading : — 

B.S.S. Sieve 
On 10 size mesh ----- 2>. 
Through 10 on 30 - - - - 20% 

30 „ 60 - - - - LS".. 65 

no ;. 100 - - - - it % 

100 „ 170 - - - - 20% 
„ 170 - - - - Remainder 
0. A method of produciug ;< rutury 
bladed body substantially as hereinabove 70 
described. 

9. A rotary bladed body produced by ihe 
method claimed in. any one of the prHnr»tl- 
ing claims. 

Dated this -3rd day of April, 1047. 
F. J. CLEVELAND & COMPACT. 
Chartered Patent Agents, 
Agents for the Applicants, 
29, Southampton Buildings, 
Chancerv Lane, London, "W.C.2. 
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